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Doppler Echocardiographic Evaluation of Hancock and Bjork-Shiley 
Prosthetic Valves 
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Richmond. Virginia and Milwaukee. Wisconsin 
Doppler echocardiographic characteristics of normally 
functioning Hancock and Bjork-Shiley prostheses in the 
mitral and aortic positions were studied in 50 patients 
whose valvular function was considered normal by clin•
ical evaluation. Doppler studies were also performed in 
46 patients with suspected malfunction of Hancock and 
Bjork-Shiley valves and who subsequently underwent 
cardiac catheterization. Mean gradients were estimated 
for both mitral and aortic valve prostheses and valve 
area was calculated for the mitral prostheses. 
Doppler prosthetic mitral valve gradient and valve 
area showed good correlation with values obtained with 
Despite improvement in the design and durability of pros•
thetic valves, malfunction still occurs, Although cardiac 
catheterization remains a useful means of documenting pros•
thetic valve dysfunction. reliable hemodynamic data may 
be difficult to obtain in some patients when it is undesIrable 
or unfeasible to place a catheter through the prosthetic valve. 
or when both mitral and aortic prostheses are present. In 
addition. the expense and potential risks of thIS invasive 
technique make it impractical for screening patJent~ with 
suspected prosthetic valve dysfunction, The currently avail•
able noninvasive methods such as phonocardiography. 
echocardiography and cinefluoroscopy (1-5). although 
helpful. lack reliability. Recently. several studies (6-14) 
have demonstrated the usefulness of Doppler echocardi•
ography to detect and quantitate native valve dysfunction. 
It is logical. therefore. to use Doppler echocardiography to 
detect and quantitate prosthetic valve dysfunction. The pur-
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cardiac catheterization (r = 0.93 and 0.97, respectively) 
for both types of prosthetic valves. The correlation coef•
ficient (r = 0.93) for mean prosthetic aortic valve gra•
dient was also good, although Doppler echocardiography 
overestimated the mean gradient at lower degrees of 
obstruction. Regurgitation of Hancock and Bjork-Shiley 
prostheses in the mitral and aortic positions was cor•
rectly diagnosed. These results suggest that Doppler 
echocardiography is a reliable method for the charac•
terization of normal and abnormal prosthetic valve func•
tion. 
(J Am Coil CardioI1986;7:681-7) 
pose of this study was to delineate the characteristics of 
normally functioning Hancock (porcine) and Bjork-Shiley 
(tilting disc) prostheses and to define the accuracy of Dop•
pler echocardiography for the detection of malfunction of 
Hancock and Bjork-Shiley valves in the mitral and aortic 
positions. 
Methods 
Patient selection. Doppler echocardiographic records of 
50 patients with normally functioning Hancock and Bjork•
Shiley mitral and aortic valves as determined by clinical 
history and physical examination were reviewed. In addi•
tion. records of 46 patients referred to the echocardiography 
laboratories at the Medical College of Virginia and the Med•
ical College of Wisconsin for evaluation of suspected mal•
function of Hancock and Bjork-Shiley valves in the mitral 
and aortic positions and who subsequently underwent car•
diac catheterization were reviewed. Doppler echocardiog•
raphy and cardiac catheterization in these 46 patients were 
performed within 24 to 48 hours of each other. 
Doppler echocardiography. All Doppler echocardio•
graphic studies were performed with either an Irex IIIB. 
Irex Meridian (Johnson and Johnson) or Advanced Tech•
nology Laboratories (ATL) Mark 600 adaptive Doppler sys-
0735-1097/86/$350 
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tern. The Irex systems utilize a carrier frequency of 2 MHz 
and function in both pulsed and continuous modes. A ded•
icated nonimaging Doppler system (PEDOFF) with 2 MHz 
was also used. The ATL system utilizes zero shift, a high 
pulse repetition frequency and a carrier frequency of 3 MHz. 
The orientation of the Doppler beam parallel to suspected 
flow was verified with simultaneous real-time imaging and 
monitoring of audio output to ensure recording of the highest 
flow velocities or Doppler shift. Doppler signals were re•
corded using a strip-chart recorder at 50 mls and on vid•
eotape simultaneously with audio output, recording two•
dimensional images. The dedicated nonimaging transducer 
with Irex Medical Systems was selectively used whenever 
obstruction of the aortic prosthesis was suspected. For the 
mitral prosthesis, Irex and ATL systems were used with 
approximately the same frequency. 
A standard method of examination was used. The apical 
four chamber view was used for interrogation of the mitral 
prosthesis. For the aortic prosthesis, apical five chamber, 
suprasternal and right parasternal views were used. 
Peak and mean pressure gradients for the mitral and 
aortic prostheses were calculated with the modified Ber•
noulli's equation (Fig. 1). The mean gradient was calculated 
by averaging the gradient at multiple points spaced 40 ms 
apart during diastole for the mitral valve and during systole 
for the aortic valve. The effective area of the mitral pros•
thesis was calculated by the pressure half-time method de•
scribed for the native mitral valve (9). An average of 3 
cardiac cycles for sinus rhythm and an average of 10 cardiac 
cycles for atrial fibrillation were used for the calculation of 
prosthetic valve gradients and valve area. 
The degree of regurgitation across the mitral prosthesis 
was estimated by mapping the width and depth of the re-
Figure 1. Diagrammatic representation of the mitral flow velocity 
(V) envelope illustrating the method for calculation of the mean 
transprosthetic pressure gradient. Multiple vertical lines were spaced 
40 ms apart and the points of intersection with the velocity envelope 
were marked (circles). The mean gradient was obtained from the 
formula given. 
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gurgitant jet into the left atrium with pulsed Doppler ultra•
sound, as described by Abbasi et al. (8). The severity of 
aortic regurgitation was also graded by mapping the width 
and depth of the regurgitant jet into the left ventricle (10). 
Cardiac catheterization. Cardiac catheterization was 
performed in a standard fashion with fluid-filled catheters. 
The mean pressure gradient was calculated by planimetry 
from an average of 3 beats for sinus rhythm and 10 beats 
for atrial fibrillation. The transvalvular gradient across the 
aortic prostheses was measured in all but one of the patients 
by crossing the valve; one patient had an obstructed Bjork•
Shiley valve and a direct left ventricular puncture was 
performed. 
The mean gradients for the mitral and aortic prostheses 
and the effective mitral valve area obtained with Doppler 
echocardiography were compared with those obtained with 
cardiac catheterization by linear regression analysis. 
Results 
Patient characteristics. Ninety-six patients with a mean 
age of 50 years (range 22 to 72) had a total of 121 prosthetic 
valves: 57 in the mitral position and 64 in the aortic position 
(Fig. 2). Two Hancock prostheses (mitral and aortic) had 
predominant valvular stenosis associated with mild regur•
gitation grade 114 (clears with every beat). These prostheses 
are listed in the stenotic group in Figure 2. The length of 
implantation was 1 month to 7 years (mean 2.8 years). 
Mitral valve prostheses. Table 1 shows the normal val•
ues for the peak and mean gradients and effective valve 
area according to valve size for the Hancock and Bjork•
Shiley mitral prostheses. Thirty-five of the mitral prostheses 
were Hancock and 22 were Bjork-Shiley (Fig. 2). Normal 
Figure 2. Flow diagrams showing the type, number and lesions 
of the 121 prosthetic valves as defined by Doppler echocardiog•
raphy and cardiac catheterization. AR = aortic regurgitation; AS 
= aortic stenosis; MR = mitral regurgitation; MS = mitral ste•
nosis; N = normal. 
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Table 1. Mitral Valve Gradient and Area for 40 Normally Functioning Prosthetic Valves 
No of Peak Gradient Mean Gradient Mitral Valve 
Size Ob,ervatlOn, (mm Hg) (mm Hg) Area (cm2 ) 
Normal Hancock Porcme Mitral Prosthese, 
(mean ± SO) 
27 3 100 ± 4.0 5.0 ± 2.0 13 ± 0.8 
29 9 7 0 ± 3,0 20 ± 07 1.5±02 
31 8 ..\ 0 ± 0.86 2.0 ± 0.9 16 ± 0.2 
33 3 30 ± 20 2.0 ± 20 1.9 ± 02 
Normal BJork-Shtley Mitral Pro,the,e, 
(mean ± SO) 
29 7 70 ± 3.7 
31 10 6.0 ± 3.0 
function was detected in 40 prostheses (23 Hancock and 17 
Bjork-Shiley), mitral stenosis in 7 prostheses (6 Hancock 
and 1 Bjork-Shiley) and mitral regurgitation in 10 prostheses 
(6 Hancock and 4 Bjork-Shiley), Normal function was de•
fined as the absence of clinical and hemodynamically sig•
nificant obstruction and regurgitation across the prosthetic 
valve (mean gradient < 8 mm Hg) (16,17), In 19 patients. 
a good correlation was observed for the mean diastolic gra•
dients obtained with Doppler echocardiography (high pulse 
repetition frequency, pulsed and continuous wave) and car•
diac catheterization for normally functioning and stenotic 
mitral prostheses (Fig. 3). Table 2 shows mean gradients 
obtained with cardiac catheterization and Doppler echo•
cardiography, cardiac index and degree of associated mitral 
regurgitation in these 19 patients. Mitral valve area with 
cardiac catheterization could be estimated in 12 of the 19 
patients. since the 7 with normal function had no gradient. 
The correlation for valve area between cardiac catheteriza•
tion and Doppler echocardiography was also quite good 
(Fig. 4). 
Severe mitral regurgitation was detected with Doppler 
echocardiography in two patients with a Hancock valve and 
was confirmed with cardiac catheterization. However. Dop•
pler echocardiography could not distinguish between val•
vular and perivalvular regurgitation. Mild mitral regurgi•
tation was detected in four normally functioning Hancock 
valves and four Bjork-Shiley valves, but confirmed with 
cardiac catheterization in only one patient. Surgical findings 
were available in seven patients with obstruction and two 
with regurgitation of the mitral prosthesis. Obstruction of 
all six Hancock valves was due to calcification. The ob•
structed Hancock valve had been implanted for less then 3 
years in five patients who were younger than 30 years of 
age; in the sixth patient, who was 42 years old. the valve 
had been in place for 7 years. Obstruction of the Bjork•
Shiley valve was due to tissue growth and thrombus for-
20 ± 008 2.05 ± 0 17 
20 ± 19 22 ± 03 
mation. Both regurgitant lesions were due to rupture of the 
Hancock valve secondary to infective endocarditis. 
Aortic valve prostheses. Table 3 shows the peak and 
mean gradients according to valve size for the 42 normally 
functioning aortic prostheses. Size 23 Hancock and Bjork•
Shiley valves had the highest peak and mean gradients. Of 
the total of the 64 aortic valves, (Fig. 2) 36 were Hancock 
and 28 were Bjork-Shiley. Doppler echocardiography de•
tected normal function (mean gradient < 20 mm Hg) (15,16) 
in 42 valves (22 Hancock and 20 Bjork-Shiley), aortic ste•
nosis in 5 valves (3 Hancock and 2 Bjork-Shiley) and aortic 
regurgitation in 17 valves (11 Hancock and 6 Bjork-Shiley). 
There was a good correlation between Doppler echocardi•
ography and cardiac catheterization for the mean gradient 
Figure 3. Compari,on of the mean trans prosthetic mitral pressure 
gradient of Hancock (open circles) and Bjork-Shiley (open tri•
angles) valves in 19 patients With normal function or obstruction 
obtained with Doppler echocardiography and cardiac catheteriza•
tion (Cath). 
Cath 
Mean 
Gradient 
mmHg 
40 
30 
20 
10 
o Hancock Mitral Valve 
6 Bjork-Shiley Mitral Valve 
R = 0933 
y = -1 624 + 1 086x 
SEE = 2503 
10 20 30 40 
Doppler 
Mean Gradient mmHg 
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Table 2. Mean Transprosthetic Mitral Gradient, Cardiac Index and Mitral Regurgitation in 
19 Patients With Obstruction or Normal Function of Mitral Prostheses 
Mean MItral GradIent 
(mm Hg) 
Patient Cath Doppler 
22 19 
2 26 24 
3 17 18 
4 20 22 
5 14 15 
6 12 15 
7 2 4 
8 3 5 
9 0 4 
10 0 4 
II 3 6 
12 0 4 
13 24 25 
14 0 3 
15 6 8 
16 0 5 
17 2 6 
18 3 6 
19 5 7 
Cath = cardiac catheterIzatIOn. 
for normally functioning and stenotic aortic prostheses (Fig. 
5); however. at lower gradients. Doppler echocardiography 
overestimated the mean gradient. In one patient with a size 
25 Bjork-Shiley prosthesis (Fig. 5). the Doppler mean gra•
dient was 30 mm Hg, but cardiac catheterization failed to 
find any gradient at a cardiac output of 9 liters/min. The 
studies were performed within 2 hours of each other and 
the heart rates were similar. Clinically, this patient had a 
Figure 4. Comparison after Doppler echocardiography and car•
diac catheterization (Cath) of the prosthetic mitral valve area of 
Hancock (open circles) and Bjork-Shiley (open triangles) valves 
in 12 patients. 
Cath 
Mitral Valve 
Area Cm2 
3.0 
2.0 
10 
o Hancock Mitral Valve 
6 Blork-Shlley Mitral Valve 
1.0 
R = 0 978 
y=0085+ 1 093x 
SEE = 096 
2.0 3.0 
Doppler 
Mitral Valve Area Cm 2 
MItral 
Cardiac Index RegurgItatIOn 
(hters/min per m") (I to 4) 
2 I None 
2.0 None 
20 None 
19 None 
24 1+ 
2.0 None 
20 1+ 
2.4 None 
25 None 
2.1 None 
2.2 None 
2.0 None 
1.8 None 
2.1 None 
2.2 None 
2.0 None 
2.1 None 
2.0 None 
2.5 None 
systolic thrill, a grade 4/6 systolic ejection murmur and 
echocardiographic left ventricular hypertrophy (all indicat•
ing obstruction of the prosthetic valve). This patient was 
not included in the regression analysis. We believed that 
the catheter might have forced the valve open and produced 
severe aortic regurgitation. Table 4 shows the mean aortic 
gradient obtained with cardiac catheterization and Doppler 
echocardiography, the cardiac index and degree of aortic 
regurgitation in 11 patients with obstruction or normal func•
tion of an aortic prosthesis (Fig. 5) who underwent both 
studies. 
Aortic regurgitation was detected with Doppler echo•
cardiography in 17 patients (Fig. 2). It was severe in eight 
patients (six Hancock and two Bjork-Shiley) and mild in 
nine patients (five Hancock and four Bjork-Shiley) with a 
normally functioning prosthetic valve. Cardiac catheteriza•
tion confirmed aortic regurgitation in the 14 of the 17 pa•
tients (8 severe and 6 mild). Doppler echocardiography did 
not distinguish between valvular and perivalvular regurgi•
tation. Surgical findings were available in 13 patients with 
aortic prostheses: 5 with aortic stenosis and 8 with aortic 
regurgitation. The three Hancock valves were heavily cal•
cified and had been in place for less than 3 years in patients 
younger than 25 years of age. The two Bjork-Shiley prostheses 
were obstructed by tissue growth and thrombi. Aortic re•
gurgitation was due to infective endocarditis in six patients 
and degeneration of the tissue valve leaflets in two patients. 
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Table 3. Aortic Valve Gradient for 42 Normally Functioning Aortic Prostheses 
SIze 
No. of 
Observations 
Peak Gradient 
(mm Hg) 
Mean GradIent 
(mm Hg) 
Normal Hancock Porcme AortIc Prm,theses 
(mean ± SD) 
23 
25 
27 
7 
10 
5 
18 ± 4 
16 ± 2 
15 ± 3 
12 ± 2 
II ± 2.1 
10 ± 3 
Normal Bjork-ShIley AortIC Prostheses 
(mean ± SD) 
23 
25 
27 
Discussion 
6 
9 
5 
Prosthetic valvular obstruction. The evaluation of 
prosthetic mitral valves is performed in the same manner 
as the evaluation of native valves, There are three ways of 
expressing the magnitude of obstruction to the mitral pros•
thesis: mean transprosthetic gradient, effective prosthetic 
mitral area and pressure half time. Holen et ai, (15,17) used 
nondirectional Doppler echocardiography to characterize the 
obstructive features of normally functioning Hancock, Bjork•
Shiley and Lillehei-Kaster mitral valves, The ultrasound 
Figure 5. Comparison after Doppler echocardiography and car•
diac catheterization (Cath) of the mean transprosthetic aortic gra•
dient of Hancock (open circles) and Bjork-Shiley (open triangles) 
valves in II patients with normal function or obstruction. Note 
that Doppler echocardiography overestimated the gradients at lower 
levels of obstruction. See the text for details on the patient indicated 
by the triangle and asterisk. 
Cath 
Mean 
GradIent 
mmHg 
100 0 HanCOCK AortiC Valve 
80 
60 
40 
20 
fl Blork-Shlley AortiC Valve 
40 60 
R = 0937 
Y = -7 446 + 1 320x 
SEE = 7 431 
80 100 
Doppler 
Mean Gradient mmHg 
33 ± 4 
19 ± 5 
16 ± 5 
14 ± 7 
13 ± 5 
10 ± 2 
mean transprosthetic mitral gradient and effective valve area 
corresponded well with the values obtained with cardiac 
catheterization in their study and values reported previously 
(16,18). Hatle (19) used the mean transprosthetic gradient 
and pressure half-time for porcine (Hancock) and tilting disc 
mitral (Bjork-Shiley) prostheses, They found a mean trans•
prosthetic gradient of 2 to 4 mm Hg and a pressure half 
time of 70 to 140 ms (mean 95) for the Bjork-Shiley valve 
(sizes 27, 29 and 3!) and a mean transprosthetic gradient 
of 5 to 7 mm Hg and a pressure half-time of 90 to 160 ms 
(mean 135) for Hancock valves (size unspecified), We used 
the mean transprosthetic gradient and the prosthetic mitral 
area calculated from the pressure half-time in our study, 
Our data for the transprosthetic mitral gradient and valve 
area agree with those reported with cardiac catheterization 
(18, 19). The degree of obstruction was correctly predicted 
and later confirmed with cardiac catheterization with a high 
degree of correlation, In a preliminary study, K wan et al. 
(20) found a surprisingly low correlation of 0.6 with cardiac 
catheterization data. Apparently, their mean gradient was 
actually the average of the peak Doppler transprosthetic 
gradients. whereas the cardiac catheterization gradient was 
the true mean value; thus, the poor correlation is compre-
hensible. . 
There has been a relative paucity of studies correlating 
Doppler echocardiographic and cardiac catheterization data 
for aortic prosthetic valves. Recently, Ramirez et al. (21) 
described peak transprosthetic gradients according to size 
for multiple types of normally functioning aortic prostheses. 
The numbers for each specific type and size of valve were 
small. Our study describes normal valves for peak and mean 
transprosthetic gradients for normally functioning Hancock 
and Bjork-Shiley valves. These valves are similar to those 
reported with invasive studies (19,22). The study also showed 
a high degree of correlation between the Doppler echocar•
diographic and cardiac catheterization gradients. However, 
Doppler echocardiography tends to overestimate the gra-
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Table 4. Relation Among Mean Transprosthetic Aortic Gradient, Cardiac Index and Aortic 
RegurgitatIon in II Patients With Obstruction or Normal Function of Aortic Prosthesis 
Mean AortIC Gradient 
(mm Hg) Aortic 
Cardiac Index Regurgitation 
PatIent Cath Doppler (liter,/mm per m2) (I to 4) 
38 40 3.1 1+ 
2 50 45 28 None 
3 27 30 2.6 None 
4 10 8 3.0 Trace 
5 0 5 2.8 Trace 
6 85 68 3.9 None 
7 0 10 1.6 None 
8 3 5 3.0 Trace 
9 7 15 3.2 Trace 
10 0 4 2.9 Trace 
11* 0 30 4.5 None 
*See text for details on this patient. Cath = cardiac cathetenzatlon. 
dient at a lower degree of obstruction. In one patient, Dop•
pler echocardiography estimated a peak gradient of 56 mm 
Hg and a mean gradient of 30 mm Hg, whereas cardiac 
catheterization showed no gradient at a cardiac output of 9 
liters/min. According to the data of Bjork et aL (22). a size 
25 Bjork-Shiley valve should have a mean gradient of 18 
mm Hg at a flow of 9 liters/min. The absence of any gradient 
at cardiac catheterization suggests that either the valve was 
forced open, abolishing the gradient, or the obstruction was 
subvalvular. However. neither the Doppler nor the two•
dimensional echocardiogram showed any evidence of sub•
valvular obstruction. 
Prosthetic valve regurgitation. Trivial prosthetic valve 
regurgitation is common and is often perfectly normal (23,24). 
Comess et aL (25) demonstrated bioprosthetic trivial mitral 
regurgitation and aortic regurgitation in 43% of the patients 
studied. The regurgitation was not clinically suspected and 
valvular function was considered normaL Hatle et aL (26) 
reported mild prosthetic aortic regurgitation in 62% of their 
patients with different types of a normally functioning aortic 
prosthesis. Ramirez et aL (21) reported aortic regurgitation 
in 22% of their patients with a Hancock valve and 10% of 
their patients with a Bjork-Shiley valve. In our group of 42 
normally functioning aortic prostheses, regurgitation was 
detected in 22% of the Hancock valves and 17% of the 
Bjork-Shiley valves. Doppler echocardiography correctly 
predicted the severity of aortic regurgitation. but a distinc•
tion between valvular and perivalvular leak could not be 
made. Trivial mitral prosthetic regurgitation was similarly 
not an uncommon finding. being detected in 14% of nor•
mally functioning Hancock prostheses and 19% of Bjork•
Shiley prostheses. The incidence rate for Bjork-Shiley 
prostheses is lower than that reported in in vitro studies. 
This is possibly due to the difficulty in positioning the sam-
pie volume through the mechanical prosthesis. In addition, 
it was difficult to make a distinction between valvular and 
perivalvular regurgitation. 
Limitations. Our study does not address the problems 
of coexisting lesions such as prosthetic obstruction and re•
gurgitation in which transprosthetic gradients would be ex•
pected to be higher. Only two patients in our study had 
combined prosthetic obstruction and regurgitation, but the 
gradients obtained with cardiac catheterization and Doppler 
echocardiography were similar (Tables 2 and 4). 
We did not find any difference between high pulse rep•
etition frequency or pulsed and continuous wave Doppler 
echocardiography for the evaluation of mitral prostheses. 
However, during our initial experience. we underestimated 
the aortic valve gradient with high pulse repetition frequency 
and pulsed Doppler echocardiography. Therefore, for this 
study, we selectively used continuous wave and dedicated 
nonimaging Doppler echocardiography. 
In summary, we have demonstrated that Doppler echo•
cardiography is an accurate, noninvasive method for the 
evaluation of prosthetic valve function, and it may help 
select patients for invasive studies. 
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